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Description
Technical Field

[0001] The present invention relates to a mobile telecommunication network. In particular, it relates to optimization of
the NodeB power utilization during High Speed Downlink Packet Access (HSDPA) transmissions.

Background

[0002] The present invention relates to methods and arrangement in a base station in mobile telecommunication
network having at least two arbitrary communication channels, e.g. a data channel and an associated control channel,
which share a common resource where the timing of resource sharing is overlapping.

[0003] An example of such a mobile telecommunication network is a UMTS terrestrial radio access network (UTRAN).
The UTRAN is illustrated in Figure 1 and comprises at least one Radio Network System 100 connected to the Core
Network (CN) 200. The CN is connectable to other networks such as the Internet, other mobile networks e.g. GSM
systems and fixed telephony networks. The RNS 100 comprises atleast one Radio Network Controller 110. Furthermore,
the respective RNC 110 controls a plurality of Node-Bs 120,130 that are connected to the RNC by means of the lub
interface 140. Each Node B, also referred to as base station, covers one or more cells and is arranged to serve the User
Equipment (UE) 300 within said cell. Finally, the UE 300, also referred to as mobile terminal, is connected to one or
more Node Bs over the Wideband Code Division Multiple Access (WCDMA) based radio interface 150.

[0004] Requirements for mobile data access are increasing and demand for higher bitrates is growing. To meet these
needs the HSDPA specification has been defined. HSDPA is based on WCDMA evolution standardized as part of 3GPP
Release 5 WCDMA specifications. HSDPA is a packet-based data service in WCDMA downlink with data transmission
peak rate up to 14.4 Mbps over a 5MHz bandwidth. Thus HSDPA improves system capacity and increases user data
rates in the downlink direction. The improved performance is based on adaptive modulation and coding, a fast scheduling
function and fast retransmissions with soft combining and incremental redundancy. The adaptive modulation and coding
makes it possible to adapt the modulation scheme and coding according to the quality of the radio link. The fast scheduling
function of the transmission of data packets over the radio interface is performed in the base station based on information
about the channel quality, terminal capability. QoS class and power/code availability. The scheduling is denoted fast
because it is performed as close to the radio interface as possible and because a short frame length is used. Fast
retransmission implies that the requests for retransmission are performed by the base station instead of the Radio
Network Controller (RNC) as in traditional WCDMA systems. By implementing the retransmission function in the base
station instead of the RNC it is possible to achieve a faster retransmission.

[0005] HSDPA utilizes a transport channel named the High Speed Downlink Shared Channel (HS-DSCH) that makes
efficient use of valuable radio frequency resources and takes bursty packet data into account. This is a shared transport
channel which means that resources, such as channelization codes, transmission power and infra structure hardware,
is shared between several users. When one user has sent a data packet over the network, another user gets access to
the resources and so fourth. In other words, several users can be time multiplexed so that during silent periods, the
resources are available to other users. On the other hand, several users can share the resource simultaneously by code
multiplexing. Furthermore, HSDPA utilizes a control channel named the High Speed Shared Control Channel (HS-SCCH)
that serves the purpose of informing which UE that is to receive the HS-DSCH in the next time period. The HS-SCCH
also tells the scheduled UE about transmission parameters of the HS-DSCH.

[0006] The HS-SCCH channel has fixed control information content and thereby, the required transmission power
needs to be adjusted according to the radio channel quality to be received by the UE. The HS-DSCH has variable payload
information content for best effort data and the amount of data is adapted to the available power and radio channel quality.
[0007] The transmission time in a WCDMA system is divided into Transmission Time Intervals (TTIs). The TTI length
for the HS-DSCH equals 2 ms and a TTl is divided into three slots as shown in figure 2. The timing for the High Speed
Shared Control Channel (HS-SCCH) is two slots ahead of the HS-DSCH for a particular UE. That depends on that
information such as transport format, UE identity and channelization code set is sent on the HS-SCCH in order to prepare
the UE for receiving data on the HS-DSCH.

[0008] Due to the staggered timing of the High Speed Downlink Shared Channel (HS-DSCH) and the High Speed
Shared Control Channel (HS-SCCH) transmissions as shown in Figure 2, the base station usually adopts a relatively
conservative solution when the available power for the HS-DSCH is estimated by assuming that the HS-SCCH trans-
mission for the next TTI will be the maximum allowed HS-SCCH power. Thus, resources may be wasted (denoted wasted
resource) if the maximal allowed HS-SCCH is not required to be used shown in Figure 2. It should be noted that this
application relates to the case when the HS-SCCH power is set individual for each UE.

[0009] An alternative solution is to use the actual left power for the HS-DSCH, and not to assume that the maximal
HS-SCCH power is used. However in this solution, there is a risk that the total power level exceeds the available total
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power level due to the staggered timing of HS-DSCH and HS-SCCH. |.e. the selected power of the HS-DSCH for a first
scheduled UE together with the HS-SCCH power of a subsequently scheduled second UE may exceed the available
HS power. This overbooking is illustrated in Figure 3. Due to the risk of overbooking the downlink, power limiting functions
in the base station will usually reduce power for all channels (including common control channels and traffic channels)
and eventually degrade the quality of all on going connections in the cell.

[0010] The problem with the trade-off between overbooking risk vs. under utilization of power will increase in the case
of code multiplexing. |.e. a multiple of users are code-multiplexed onto the same TTI. In that case there is one HS-SCCH
for each multiplexed user. Thus, it will be a large waste of power to reserve the maximal HS-SCCH power times the
maximal number of multiplexed users. The potential resource waste is illustrated in Figure 4. The document EP 1 467
500 A2 discloses a method for reserving base station power according to the preamble of claim 1.

Summary

[0011] Thus, an object of the present invention is to provide a method and arrangements that utilize the power of the
base station more efficiently than existing solutions when channels with staggered timing are used, which results in
higher system performance in terms of higher throughput, higher user bit rate, decreased delay and enhanced system
capacity.

[0012] Thus, the arrangementin a base station according to the presentinvention makes it possible to utilize the power
of the base station more efficiently. The base station comprises means for transmitting control information to users on
a first channel such as a HS-SCCH, means for transmitting data packets to said users on a second channel such as a
HS-DSCH, wherein the second channel is associated to the first channel. The base station comprises further a scheduler
for scheduling users on the first and the second channels, wherein the timing of the first and second channels are
overlapping. Moreover, the arrangement of the invention comprises means for determining a candidate set of subsets
of users, wherein the subsets of users included in the candidate set has a high probability to be scheduled by said
scheduler at a time denoted TTI+t. It comprises further means for estimating a required power of the first channel for a
subset of users of the candidate set requiring the highest power of the subsets of users in the candidate set at TTI+t,
means for scheduling a subset of users at the time TTI, and means for determining the required power of the first channel
at the time TTI for said scheduled users. Further, means for determining the power of the first channel to be reserved
at TTl is provided. The determination is based on the determined power of the first channel at TTI for said scheduled
users and said estimated required power of the first channel for the subset of users of the candidate set requiring the
highest power of the subsets of users in the candidate set at TTI+t. Finally, means for determining the power of the
second channel to be reserved for the scheduled users based on the determined reserved power of the first channel at
TTl is provided by the present invention.

[0013] The method according to the present invention comprising the steps of determining a candidate set of subsets
of users, wherein the subsets of users included in the candidate set has a high probability to be scheduled by said
scheduler at a time denoted TTI+t, estimating a required power of the first channel for a subset of users of the candidate
set requiring the highest power of the subsets of users in the candidate set at TTI+t, scheduling a subset of users at the
time TTI, determining the required power of the first channel at the time TTI for said scheduled users, determining the
power of the first channel to be reserved at TTI based on the determined power of the first channel at TTI for said
scheduled users and said estimated required power of the first channel for the subset of users of the candidate set
requiring the highest power of the subsets of users in the candidate set at TTI+t and determining the power of the second
channel to be reserved for the scheduled users based on the determined reserved power of the first channel at TTI,
wherein tis a value equal or larger than one, makes it possible to utilize the power of the base station more efficiently.
[0014] The main benefit is that the method and arrangements according to the present invention consider future
scheduling decisions without affecting the actual scheduling behaviour. The scheduler that selects users for transmission
does not need to be aware of the power setting algorithm described in the invention.

[0015] Thus more power can be allocated to HS-DSCH and the risk of overbooking is kept small. To avoid overbooking
completely the scheduling algorithm cannot be allowed to choose users that would utilize more HS-SCCH power than
allocated for. Hence, the scheduling algorithm need to be aware of how the powers are allocated or to keep track of
which users can be selected and which users cannot. Both cases results in a more complex scheduling algorithm. The
set of subsets of users that could be selected by the scheduling algorithm without risking overbooking contains the
candidate set. Hence, by restricting to the subsets of users that can be chosen by the scheduling algorithm to be the
candidate set eliminates the risk of overbooking.

Brief description of the drawings

[0016]
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Fig. 1 illustrates a mobile telecommunication network wherein the present invention may be implemented.

Fig. 2 illustrates a method according to prior art, wherein the maximum SCCH power is used when estimating HS-
DSCH power.

Fig. 3 illustrates a method according to prior art, wherein the actual SCCH power is used when estimating HS-
DSCH power.

Fig. 4 illustrates potential power waste in the case of code multiplexing.

Fig. 5 illustrates the scenario when overbooking occurs when a scheduled user is not within the candidate set.
Fig. 6 illustrates the scenario when overbooking does not occur when a scheduled user is within the candidate set.
Fig. 7 is a flowchart of the method according to the present invention.

Fig. 8 illustrates a base station according to the present invention.

Detailed description

[0017] In the following description, for purposes of explanation and not limitation, specific details are set forth, such
as particular sequences of steps, signalling protocols and device configurations in order to provide a thorough under-
standing of the present invention. It will be apparent to one skilled in the art that the present invention may be practised
in other embodiments that depart from these specific details.

[0018] Moreover, those skilled in the art will appreciate that the functions explained herein below may be implemented
using software functioning in conjunction with a programmed microprocessor or general purpose computer, and/or using
an application specific integrated circuit (ASIC). It will also be appreciated that while the current invention is primarily
described in the form of methods and devices, the invention may also be embodied in a computer program product as
well as a system comprising a computer processor and a memory coupled to the processor, wherein the memory is
encoded with one or more programs that may perform the functions disclosed herein.

[0019] Asstated above, the object of the presentinvention is to allocate base station power for a particular time denoted
TTI such that the power of the base station is efficiently utilized. It should be noted that the invention is described in the
context of 3G networks and HSDPA. However, the present invention may also be applied in other systems having two
associated channels, whereby the timing of the channels are overlapping.

[0020] The presentinvention is based on the idea to allocate. HS-DSCH power at TTl based on the HS-SCCH power
allocation of TTI and an estimation of the HS-SCCH allocation of TTI+1. The estimation of the HS-SCCH allocation of
TTI+1 is based on estimation of which users that will be scheduled at the time denoted TTI+1. i.e., the users that have
a high probability to be selected for transmission by the scheduler at the time denoted TTI+1 are determined. That is
performed by calculating for each user the probability that the user will be selected for transmission by the scheduler.
The users that have a high probability to be scheduled at the time TTI+1 are included in a candidate set according to
the present invention. It should also be noted that, in the case of code multiplexing, the candidate set may comprise
subsets of users that have a high probability to be scheduled at the time TTI+1, wherein users within one subset are
multiplexed onto the HS-DSCH channel.

[0021] Furthermore, it is noted that the probability that a certain subset of users included in the candidate set to be
selected for transmission may be less than for another subset of users not included in the candidate set. The reason is
that the probability that e.g. a subset denoted A of users is selected for transmission is the sum of probabilities of subsets
containing A (as a true subset, i.e. the intersection is non-empty). Thus, it is the users included in the subsets of the
candidate set that have high probability of being selected and not necessarily the subsets themselves. But, it is of course
also possible to take into account that certain subsets containing a user have relatively low probability compared to other
subsets containing the user. This results in at least two thresholds, one threshold that controls which users that may be
included in the subsets in the candidate set, and at least one threshold that control which subsets including the said
users that may be included in the candidate set. Hence, in a sense does the subset in the candidate set have high
probability to be selected by the scheduling algorithm, but the sense is relative and not necessarily absolute. From the
above, the candidate set is in general regarded as a set of subsets of users, but does not rule out the possibility that
each subset contain only one user meaning that the candidate set can be defined as just a set of users even in the case
of code multiplex.

[0022] Subsequently, when the candidate set is determined the required HS-SCCH power of the candidate set is
estimated. The required HS-SCCH power of the candidate set is estimated as the maximum required HS-SCCH power
for the subsets of the candidate set, where the required HS-SCCH power for a subset of (code multiplexed) users is the
sum of the users predicted HS-SCCH powers.

[0023] In case the candidate set is defined as a set of users, the estimation of the required HS-SCCH power of finding
subsets of users from the candidate set that can, or in general have high probability to, be multiplexed together. The
required HS-SCCH power is then estimated as the maximum required HS-SCCH power among those subsets. Which
subsets of users should be taken into account may follow the same principles as when creating the candidate set for
the case when it is defined as a set of subsets.



10

15

20

25

30

35

40

45

50

55

EP 2 044 699 B1

[0024] Forthe special case if one user only can be scheduled at the same time (i.e., no code multiplexing), the required
HS-SCCH power of the candidate set (being a set of users) is the maximal predicted required HS-SCCH powers of the
users in the candidate set.

[0025] Fortransmission at the time TTI, the scheduler first selects one (or more) users to be selected for transmission.
When the users have been selected, the required power for the HS-SCCHs for said selected users are determined and
reserved. The HS-DSCH power to be allocated for said selected users is determined by considering the required HS-
SCCH power for said selected users and the maximum required HS-SCCH power for the candidate set at a time TTI+1.
Thus the reserved HS-DSCH power for said selected users at TTl is the total available HS power minus the maximum
of the required HS-SCCH power for said selected users and the maximum required HS-SCCH power for the users of
the candidate set

[0026] Thus, the presentinvention relates to a method and an arrangement 810 in a base station of a mobile telecom-
munication network. The base station 800 as illustrated in figure 8 comprises transmitter means 807 for transmitting
control information to users on a first channel such as a HS-SCCH, transmitter means 808 for transmitting data packets
to said users on a second channel such as a HS-DSCH, wherein the second channel is associated to the first channel,
and a scheduler 809 for scheduling users on the first and the second channels, wherein the timing of the first and second
channels are overlapping. The arrangement according to the present invention comprises means 801 for determining
a candidate set of subsets of users, wherein the subsets of users included in the candidate set has a high probability to
be scheduled by said scheduler at a time denoted TTI+t, means 802 for estimating a required power of the first channel
for a subset of users of the candidate set requiring the highest power of the subsets of users in the candidate set at
TTI+t, means 803 for scheduling a subset of users at the time TTI, means 804 for determining the required power of the
first channel at the time TTI for said scheduled users, means 805 for determining the power of the first channel to be
reserved at TTI based on the determined power of the first channel at TTI for said scheduled users and said estimated
required power of the first channel for the subset of users of the candidate set requiring the highest power of the subsets
of users in the candidate set at TTI+t and means 806 for determining the power of the second channel to be reserved
for the scheduled users based on the determined reserved power of the first channel at TTI.

[0027] Accordingly, the method of the present invention illustrated by the flowchart of figure 7 comprises the steps of:

701. Determine a candidate set of subsets of users, wherein the subsets of users included in the candidate set has
a high probability to be scheduled by said scheduler at a time denoted TTI+t.

702. Estimate a required power of the first channel for a subset of users of the candidate set requiring the highest
power of the subsets of users in the candidate set at TTI+t.

703. Scheduling a subset of users at the time TTI.

704. Determine the required power of the first channel at the time TTI for said scheduled users.

705. Determine the power of the first channel to be reserved at TTl based on the determined power of the first
channel at TTI for said scheduled users and said estimated required power of the first channel for the subset of
users of the candidate set requiring the highest power of the subsets of users in the candidate set at TTI+t.

706. Determine the power of the second channel to be reserved for the scheduled users based on the determined
reserved power of the first channel at TTI, wherein t is a value equal or larger than one.

[0028] The method and arrangement for allocating base station power for the first and second channel such as HS-
SCCH power and HS-DSCH power is described in detail below. It should be noted that the present invention is described
in the context of a 3GPP compliant HSDPA system, wherein t equals 1. However, the present invention may also be
applied in other systems having two associated channels, whereby the timing of the channels are overlapping and t may
be a value> 1.

[0029] If TTI denotes the time for which the HS-DSCH transmission starts, then at time TTI-1 the probability to be
scheduled at TTI+1 for active users are determined by the scheduler. An active user implies a user that can be selected
for transmission by the scheduler i.e. users in CELL_DCH state having their radio access bearer mapped on HS-DSCH.
The user, however, may or may not have data to transmit (in which case the user may be ignored by the scheduler).
The scheduler may determine the probability for each user to be selected based on one or more parameters. Examples
of parameters to consider are:

- channel quality index (CQl), the quality of the user’'s channel, wherein the CQI determines the amount of data the
user can transmit,

- measurement of the obtained user throughput,

- average of the user’s channel quality, i.e. average CQl,

- amount of data in the users’ buffers,

- QoS requirements (priority, guaranteed bitrate, maximum delay, jitter etc), and the

- subscription profile (ex: "gold/silver" users).
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[0030] When the probability for each active user to be selected by the scheduler is determined, a pre-defined threshold
is applied to determine the candidate set of users. The threshold indicates a size of the candidate set according to one
embodiment. The threshold indicates according to another embodiment a limit of certain parameter, which implies that
users having values of said parameter above or below the threshold are included in the candidate set. Examples how
the threshold is selected and how the candidate set is determined are provided below. It should be noted that the size
of the subset of users is one in the first two examples below, which means that no multiplexing of users is performed.
In the third example it is assumed that at most two can be multiplexed. Further the scheduler used in the examples
below determines the probability for each user to be selected based on the CQl.

[0031] A "max CQIl scheduler" is used which implies that the user with maximal CQl is selected for transmission and
it is assumed that only one user may be scheduled each TTI. Further, suppose that there are five (N_active = 5) active
users (ul-u5) and that the scheduler chooses from u1, u2, u3, u4 and u5, with associated CQI values (at time TTI-1)
CQl1=5,CQl2=20.CQl3=18.CAl4 =25 and CQI 5= 10, respectively. For example, the candidate set may be
selected as:

Example 1: Candidate set of fixed size: If the size of the candidate set is set to 2, then the candidate set (CS) equals
CS = {{u2}. {u4}}.

Example 2: Probabilistic with threshold: Assign probability: p_i = CQIl _i / CQl _max * 1 / norm_factor, where
norm_factor = CQl _1/ CQIl _max + ...+ CQIl _5/ CQIl _max. Since CQIl _max =30, p_1 = 0.0641, p_2 = 0.2564,
p_3=0.2308, p_4 = 0.3205 and p_5 = 0.1282 are obtained. The candidate set is the set of users for which their p_i
is larger than a threshold p_th. With p_th = 1/N_active = 0.2, the candidate set = {{u2}, {u3}, {u4}} is obtained.
Example 3: Code multiplexing with incremental allocation: Resources are allocated incrementally, i.e. first select
one user and let the user use all resources if possible. If there are resources left, select another user and give the
remaining resources to him/her. Even if there still are resources left no more user will be selected (as at most two
users may be multiplexed by assumption). Define g_i to be the probability that user ui is not able to use all resources
if he/she is selected first by the scheduling algorithm. Define also p-i|j to be the conditional probability that user ui
is selected for transmission if user uj was first selected. Let p1_ij denote the probability that user ui is selected first
and let p2_i denote the probability that user ui is selected after another user was selected. The p_i|j are zero for i=j
and can for i # j be calculated as:

poili=E=t g
- Zpl_k -
ke

and the p2_i equals
p2_i=3 p_ilj-p_J

Putting p1_i = k - p_i, where the p_i are taken from Example 2 above, and using Z pl i+ pZ 1 =1 the constant
i
k can be calculated.

Assuming (9_1,9_2,q9_3,q_4,q_5)=(1, 1,0, 1, 0), some numerical calculations give:

(pl_i)=(0.0391 0.1562 0.1406 0.1953 0.0781),

0 00862 0 00943 0
02740 0 0 03773 0
(p_ilj)=(p.,)=|0.2465 03104 0 0.3397
03425 04310 0 0 0
0.1370 0.1724 0 0.1887

The probability Pr(ui) that a user ui will be selected for transmission is
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Pr(ui)=pl_i-(l—gq_iy+pl_i-Y p_jli+) p_ilj-p_J.

Jj=1 J=

The first term equals the probability that user ui is scheduled alone, the second term equals the probability that ui is
selected first but scheduled together with another user and finally the third term equals the probability that the user is
selected after another user has been selected. Some calculations give:

(Pr(ui)) = (0.0710 0.2406 0.2651 0.2760 0.1473).

Using the same threshold as in Example 2 to select which users are allowed to be in the subsets of the candidate set.
The threshold results in that only the users u2, u3 and u4 may be in the subsets of the candidate set. The probabilities
q_iyield that only the subsets {u2, u3}, {u2, ud}, {u3} and {u3, u4} are possible. Hence, there are respectively two subsets
containing the user u2 and u4, while there are three subsets containing the user u3. Without taking into consideration
how large the probabilities of the subsets containing a user are compared to each other, the candidate set would equal:

CS = { {u2, u3}, {v2, ud}, {u3}. {u3. ud}}.

Suppose now, for another example, that it is required that subsets containing a particular user should have a probability
at least half the probability of the subset (containing the user) with highest probability. Calculating the probabilities:

Pr{{u2,u3})) = p_3|2 * p1_2 = 0.0485.
Pr({u2,u4)) =p_2|4*pl 4+ p 4|2*pl_2=0.1410
Pr{u3)) = p1_3 * (1-q_3) = 0.1406

Pr({u3.u4}) = p_3|4 * pl_4 = 0.0663.

Applying the requirement, the candidate set CS = {{u3}, {u2, u4}} is obtained.

[0032] Then when the candidate set is determined, the required HS-SCCH for candidate set at TTI+1 (HS-SC-
CHreq(TTI+1)) based on measurements or trends is predicted. As the HS-SCCH is power controlled the used power
may be higher or lower than predicted. One example is that the predicted HS-SCCH power equals the maximal previously
used HS-SCCH power among the users in the candidate set, e.g. let CS = {{u1}, {u3}} and users u1 and u3 used the
powers 0.1 W and 0.3 W, respectively, when they were scheduled the last time. Then, the predicted required HS-SCCH
power would equal 0.3 W.

By using more values from previous time instances, a more sophisticated predictor could be defined. E.g. if a certain
user was scheduled TTI-4 and TTI-2, a linear predictor to predict the required power at time TTI+1 may be used. It is
therefore possible to estimate how much the power is likely to increase or decrease if the user is being scheduled
compared to the last scheduling instance.

[0033] When the required HS-SCCH power for candidate set at TTI+1 (HS-SCCHreq(TIl+1)) is determined, then the
HS-SCCH power to be reserved at time TTI (HS-SCCHreserve(TTI) is determined. The HS-SCCH power to be reserved
at time TTIl (HS-SCCHreserve(TTl) is according to the present invention the maximum of the allocated HS-SCCH(TTI)
power at time TTI and the predicted required maximum HS-SCCH power of the candidate set at time TTI+1, i.e. HS-
SCCHreserve(TTIl) = max(HS-SCCH(TTI), HS-SCCHreq(TTI+1)).

[0034] It should be noted that the HS-SCCH power for TTl is transmitted two slots ahead of HS-DSCH for TTI, in the
described embodiments This means that HS-DSCH at time TTI cannot get more power than the available power minus
the maximum power of {HS-SCCH(TTI), HS-SCCH(TTI+1)}. Note that at time the scheduling instance and power setting
instance (i.e., at time TTI-1) the HS-SCCH(TTI+1) power is not known (In fact, scheduling has not yet been performed.)
[0035] Further, it is assumed above that the scheduling and the power setting is performed just one TTI before the
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actual transmission occurs. In real systems, there could however be a larger delay. For example, scheduling and power
setting for transmission time TTI may occur at time TTI-D for some real value D > 0. (It could, in fact, also be slightly
smaller as transmission of HS-SCCH starts two slots before HS-DSCH transmission. Hence, scheduling and power
setting is performed at least two slots before transmission of HS-DSCH.)

[0036] When the reserved HS-SCCH power for time TTI has been determined, the HS-DSCH power for time TTI to
be allocated for said users is determined based on the reserved HS-SCCH power. |.e. allocate the available HS base
station power minus reserved HS-SCCH power i.e. HS-DSCH(TTI)=HSavailable(TTI)-HS-SCCHreserve(TTI), wherein
HSavailable(TTI)= the total base station power minus margins minus non-HS power. (Non-HS power is power used for
other purposes than for HS-DSCH and HS-SCCH such as dedicated control and data channels and also common
channels).

[0037] As new measurements arrive and new users are scheduled (possibly also users not included in the candidate
set), there is a small risk for overbooking of power in relation to the reserved HS-SCCH power. If the candidate set often
contains the users that will be scheduled, overbooking will seldom occur. In fact, even if a scheduled user was not within
the candidate set. overbooking only occurs if the user's HS-SCCH power is higher than the reserved HS-SCCH power.
[0038] The size of the candidate set, which is controlled by the applied threshold, is preferably based on the users’
probability of being scheduled (e.g. by using the CQI as explained above) and the allowed overbooking rate. i.e., if many
users are included in the candidate set the overbooking rate is low. But, a large candidate set reduces the power gain.
Hence, it is desired to keep the candidate set large enough to avoid overbooking, and at the same time keep it small to
gain power. An example how the overbooking can be avoided is described below.

[0039] Suppose now that an overbooking probability of P_overbook is allowed. If the number of overbooking occur-
rencesis counted over time, then the applied threshold is OK if #overbooking occurrences / #transmissions < P_overbook.
This threshold may be fixed or set in an adaptive manner. In the case of adaptive threshold, the threshold may be
controlled by the well-known jump algorithm triggered by overbooking occurrences. The jump algorithm is based on the
idea to increase the threshold by a small amount (i.e. fewer users are selected) for every TTI without overbooking, and
decrease the threshold a large amount for each TTI when overbooking occurs.

[0040] According to an embodiment of the present invention, the scheduler is only allowed to schedule users included
in the candidate set. This implies that a user first must qualily for being included in candidate set to be able to receive
data. The candidate set may be updated if a new user becomes active orwhen new measurements (e.g., CQl. throughput)
are obtained. This sharply decreases the risk for overbooking. In this case, overbooking only occurs if new measurements
indicate that larger HS-SCCH power than the reserved HS-SCCH is needed, or if the non-HS power is larger at the time
of transmission than at the time of HS-DSCH power allocation. This is illustrated in the figures 5 and 6, wherein figure
5 illustrates the scenario when overbooking occurs when a scheduled user is not within the candidate set and figure 6
illustrates the scenario when overbooking does not occur when a scheduled user is within the candidate set.

[0041] While the presentinvention has been described with respect to particular embodiments (including certain device
arrangements and certain orders of steps within various methods), those skilled in the art will recognize that the present
invention is not limited to the specific embodiments described and illustrated herein. Therefore, it is to be understood
that this disclosure is only illustrative. Accordingly, it is intended that the invention be limited only by the scope of the
claims appended hereto.

Claims

1. A method in a base station of a mobile telecommunication network for reserving base station power for first and
second channels, wherein the base station comprises transmitter means for communicating with users on a first
channel and transmitter means for communicating with said users on a second channel wherein the second channel
is associated to the first channel and a scheduler for scheduling the users on the first channel and the second
channel, wherein the timing of the first and second channels are overlapping, the method is characterised by the
steps of:

- determining (701) a candidate set of subsets of users, wherein the subsets of users included in the candidate
set has a high probability to be scheduled by said scheduler at a time denoted TTI+t,

- estimating (702) a required power of the first channel for a subset of users of the candidate set requiring the
highest power of the subsets of users in the candidate set at TTI+t,

- scheduling (703) a subset of users at the time TTI,

- determining (704) the required power of the first channel at the time TTI for said scheduled users,

- determining (705) the power of the first channel to be reserved at TTI based on the determined power of the
firstchannel at TTI for said scheduled users and said estimated required power of the first channel for the subset
of users of the candidate set requiring the highest power of the subsets of users in the candidate set at TTI+tand
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- determining (706) the power of the second channel to be reserved for the scheduled users based on the
determined reserved power of the first channel at TTI, wherein tis a value equal or larger than one.

The method according to claim 1, characterised in that the probability is determined based on a channel quality
index of the channels of the users.

The method according to claim 1, characterised in that the probability is determined based on a measurement of
the obtained user throughput

The method according to claim 1, characterised in that the probability is determined based on a QoS related
parameter of the channels of the users.

The method according to claim 1, characterised in that the probability is determined based on a delay of the
channels of the users.

The method according to any of the preceding claims, characterised in that the candidate set is determined such
that users having a higher probability than a predetermined threshold is included in the candidate set.

The method according to any of the preceding claims, characterised by the further step of:
- scheduling only the users that are included in the candidate set.

The method according to any of the preceding claims, characterised in that the mobile telecommunication network
is a WCDMA-based network adapted to perform HSDPA.

An arrangement (810) for use in a base station (800) of a mobile telecommunication network for reserving base
station power for first and second channels, wherein the base station (800) comprises transmitter means (807) for
communicating with users on a first channel and transmitter means (808) for communicating with said users on a
second channel wherein the second channel is associated to the first channel, and a scheduler (809) for scheduling
the users on the first and second channels, wherein the timing of the at least one first and second channels are
overlapping characterised by means for determining a candidate set of subsets of users, wherein the subsets of
users included in the candidate set has a high probability to be scheduled by said scheduler at a time denoted TTI+t,
means for estimating a required power of the first channel for a subset of users of the candidate set requiring the
highest power of the subsets of users in the candidate set at TTI+t, means for scheduling a subset of users at the
time TTI, means for determining the required power of the first channel at the time TTI for said scheduled users,
means for determining the power of the first channel to be reserved at TT| based on the determined power of the
first channel at TTI for said scheduled users and said estimated required power of the first channel for the subset
of users of the candidate set requiring the highest power of the subsets of users in the candidate set at TTI+t and
means for determining the power of the second channel to be reserved for the scheduled users based on the
determined reserved power of the first channel at TTI, wherein tis a value equal or larger than one.

The arrangement according to claim 9, characterised in that the probability is determined based on a channel
quality index of the channels of the users.

The arrangement according to claim 9, characterised in that the probability is determined based on a measurement
of the obtained user throughput

The arrangement according to claim 9, characterised in that the probability is determined based on a QoS related
parameter of the channels of the users.

The arrangement according to claim 9, characterised in that the probability is determined based on a delay of the
channels of the users.

The arrangement according to any of the preceding claims 9-13, characterised in that the candidate set is deter-
mined such that users having a higher probability than a predetermined threshold is included in the candidate set.

The arrangement according to any of the preceding claims 9-14, characterised by the further means for scheduling
only the users that are included in the candidate set.
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16. The arrangementaccording to any of the preceding claims 9-15, characterised in that the mobile telecommunication

network is a WCDMA-based network adapted to perform HSDPA.

Patentanspriiche

1.

Verfahren in einer Basisstation eines beweglichen Telekommunikationsnetzwerks zum Reservieren von Basissta-
tionsleistung fiir einen ersten und zweiten Kanal, wobei die Basisstation ein Ubertragungsmittel zum Kommunizieren
mit Benutzern auf einem ersten Kanal und ein Ubertragungsmittel zum Kommunizieren mit den Benutzern auf einem
zweiten Kanal umfasst, wobei der zweite Kanal mit dem ersten Kanal und einem Scheduler zum Planen der Benutzer
auf dem ersten Kanal und dem zweiten Kanal verbunden ist, wobei das Timing des ersten und zweiten Kanals
Uberlappend ist, das Verfahren gekennzeichnet wird durch die Schritte des:

- Ermittelns (701) eines Kandidatensatzes von Benutzerteilmengen, wobei die in dem Kandidatensatz einge-
schlossenen Benutzerteilmengen eine hohe Wahrscheinlichkeit haben, durch den Scheduler bei einem als
TTI+t bezeichneten Zeitpunkt geplant zu werden,

- Schatzens (702) einer erforderlichen Leistung des ersten Kanals fiir eine Benutzerteilmenge des Kandidaten-
satzes, der die hochste Leistung der Benutzerteilmengen in dem Kandidatensatz bei TTI+t verlangt,

- Planens (703) einer Benutzerteilmenge bei dem Zeitpunkt TTI,

- Ermittelns (704) der erforderlichen Leistung des ersten Kanals beidem Zeitpunkt TT1fir die geplanten Benutzer,
- Ermittelns (705) der bei TTl zu reservierenden Leistung des ersten Kanals auf Grundlage der bei TT1 ermittelten
Leistung des ersten Kanals fur die geplanten Benutzer und der geschatzten erforderlichen Leistung des ersten
Kanals fiir die Benutzerteilmenge des Kandidatensatzes, der die hochste Leistung der Benutzerteilmengen in
dem Kandidatensatz bei TTI+t verlangt; und

- Ermittelns (706) der fur die geplanten Benutzer zu reservierenden Leistung des zweiten Kanals auf Grundlage
der bei TTI ermittelten reservierten Leistung des ersten Kanals, wobei t ein Wert gleich oder gréRer als Eins ist.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage eines Kanal-
qualitatsindexes der Benutzerkanale ermittelt wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage einer Messung
des erhaltenen Benutzerdurchsatzes ermittelt wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage eines QoS-
bezogenen Parameters der Benutzerkanéle ermittelt wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage einer Verzo-
gerung der Benutzerkanale ermittelt wird.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass der Kandidatensatz so
ermittelt wird, dass Benutzer mit einer h6heren Wahrscheinlichkeit als ein vorgegebener Schwellenwert in dem
Kandidatensatz eingeschlossen sind.

Verfahren nach einem der vorhergehenden Anspriiche, gekennzeichnet durch den weiteren Schritt des:
- Planens nur der Benutzer, die in dem Kandidatensatz eingeschlossen sind.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass das bewegliche Telekom-
munikationsnetzwerk ein WCDMA-beruhendes Netzwerk ist, das angepasst wird, HSDPA auszufiihren.

Anordnung (810) zur Verwendung in einer Basisstation (800) eines beweglichen Telekommunikationsnetzwerks
zum Reservieren einer Basisstationsleistung fiir einen ersten und zweiten Kanal, wobei die Basisstation (800) ein
Ubertragungsmittel (807) zum Kommunizieren mit Benutzern auf einem ersten Kanal und ein Ubertragungsmittel
(808) zum Kommunizieren mit den Benutzern auf einem zweiten Kanal umfasst, wobei der zweite Kanal mit dem
ersten Kanal und einem Scheduler (809) zum Planen der Benutzer auf dem ersten und zweiten Kanal verbunden
ist, wobei das Timing des mindestens einen ersten und zweiten Kanals Uberlappend ist, gekennzeichnet durch
ein Mittel zum Ermitteln eines Kandidatensatzes von Benutzerteilmengen, wobei die in dem Kandidatensatz einge-
schlossenen Benutzerteilmengen eine hohe Wahrscheinlichkeit haben, durch den Scheduler bei einem als TTI+t
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bezeichneten Zeitpunkt geplant zu werden, ein Mittel zum Schéatzen einer verlangten Leistung des ersten Kanals
fur eine Benutzerteiimenge des Kandidatensatzes, das die hdchste Leistung der Benutzerteilmengen in dem Kan-
didatensatz bei TTI+t verlangt, ein Mittel zum Planen einer Benutzerteilmenge bei dem Zeitpunkt TTI, ein Mittel zum
Ermitteln der erforderlichen Leistung des ersten Kanals bei dem Zeitpunkt TTI fiir die geplanten Benutzer, ein Mittel
zum Ermitteln der bei TTI zu reservierenden Leistung des ersten Kanals auf Grundlage der bei TTI ermittelten
Leistung des ersten Kanals fir die geplanten Benutzer und der geschatzten verlangten Leistung des ersten Kanals
fur die Benutzerteilmenge des Kandidatensatzes, der die hochste Leistung der Benutzerteilmengen in dem Kandi-
datensatz bei TTI+t verlangt und ein Mittel zum Ermitteln der fiir die geplanten Benutzer zu reservierenden Leistung
des zweiten Kanals auf Grundlage der ermittelten reservierten Leistung des ersten Kanals bei TTI, wobei t ein Wert
gleich oder gréRer als Eins ist.

Anordnung nach Anspruch 9, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage eines Kanal-
qualitatsindexes der Benutzerkanale ermittelt wird.

Anordnung nach Anspruch 9, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage einer Messung
des erhaltenen Benutzerdurchsatzes ermittelt wird.

Anordnung nach Anspruch 9, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage eines QoS-
bezogenen Parameters der Benutzerkanéle ermittelt wird.

Anordnung nach Anspruch 9, dadurch gekennzeichnet, dass die Wahrscheinlichkeit auf Grundlage einer Verzo-
gerung der Benutzerkanale ermittelt wird.

Anordnung nach einem der vorhergehenden Anspriiche 9 bis 13, dadurch gekennzeichnet, dass der Kandida-
tensatz so ermittelt wird, dass Benutzer mit einer hdheren Wahrscheinlichkeit als ein vorgegebener Schwellenwert
in dem Kandidatensatz eingeschlossenen sind.

Anordnung nach einem der vorhergehenden Anspriiche 9 bis 14, gekennzeichnet durch das weitere Mittel zum
Planen nur der Benutzer, die in dem Kandidatensatz enthalten sind.

Anordnung nach einem der vorhergehenden Anspriiche 9 bis 15, dadurch gekennzeichnet, dass das bewegliche
Telekommunikationsnetzwerk ein WCDMA-beruhendes Netzwerk ist, das angepasst wird, HSDPA auszufiihren.

Revendications

Procédé, mis en oeuvre dans une station de base d’un réseau de télécommunication mobile, de réservation de
puissance de station de base pour des premier et second canaux, dans lequel la station de base comporte un
moyen d’émetteur pour communiquer avec des utilisateurs sur un premier canal et un moyen d’émetteur pour
communiquer avec lesdits utilisateurs sur un second canal, dans lequel le second canal est associé au premier
canal, et un planificateur destiné a planifier les utilisateurs sur le premier canal et le second canal, dans lequel la
temporisation des premier et second canaux présente un chevauchement, le procédé étant caractérisé par les
étapes ci-dessous consistant a :

- déterminer (701) un ensemble candidat de sous-ensembles d’utilisateurs, dans lequel les sous-ensembles
d’utilisateurs inclus dans I'ensemble candidat présentent une probabilité élevée d’'étre planifiés par ledit plani-
ficateur a un instant noté TTI+t ;

- estimer (702) une puissance requise du premier canal pour un sous-ensemble d’utilisateurs de I'ensemble
candidat nécessitant la puissance la plus élevée des sous-ensembles d'utilisateurs dans 'ensemble candidat
alinstant TTI+t ;

- planifier (703) un sous-ensemble d'utilisateurs a I'instant TTI ;

- déterminer (704) la puissance requise du premier canal a I'instant TTI pour lesdits utilisateurs planifiés ;

- déterminer (705) la puissance du premier canal a réserver al'instant TTI, sur la base de la puissance déterminée
du premier canal a l'instant TTI pour lesdits utilisateurs planifiés et de ladite puissance requise estimée du
premier canal pour le sous-ensemble d’utilisateurs de I'ensemble candidat nécessitant la puissance la plus
élevée des sous-ensembles d’utilisateurs dans I'ensemble candidat a l'instant TTI+t ; et

- déterminer (706) la puissance du second canal a réserver pour les utilisateurs planifiés, sur la base de la
puissance réservée déterminée du premier canal a l'instant TTI, dans lequel « t» est une valeur égale ou
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supérieure a un.

Procédé selon la revendication 1, caractérisé en ce que la probabilité est déterminée sur la base d’un indice de
qualité de canal des canaux des utilisateurs.

Procédé selon la revendication 1, caractérisé en ce que la probabilité est déterminée sur la base d’'une mesure
du débit d'utilisateur obtenu.

Procédé selon la revendication 1, caractérisé en ce que la probabilité est déterminée sur la base d’'un paramétre
connexe a une qualité QoS des canaux des utilisateurs.

Procédé selon la revendication 1, caractérisé en ce que la probabilité est déterminée sur la base d’un retard des
canaux des utilisateurs.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que I'ensemble candidat est
déterminé de sorte que des utilisateurs présentant une probabilité supérieure a un seuil prédéterminé sont inclus
dans I'ensemble candidat.

Procédeé selon 'une quelconque des revendications précédentes, caractérisé par I'étape supplémentaire ci-des-
sous consistant a :

- planifier uniquement les utilisateurs qui sont inclus dans I'ensemble candidat.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que le réseau de télécommu-
nication mobile est un réseau a base d’acces multiple par répartition en code a large bande, WCDMA, apte a mettre
en oeuvre un acces par paquets en liaison descendante haut débit, HSDPA.

Agencement (810) destiné a étre utilisé dans une station de base (800) d’'un réseau de télécommunication mobile,
pour réserver une puissance de station de base pour des premier et second canaux, dans lequel la station de base
(800) comporte un moyen d’émetteur (807) pour communiquer avec des utilisateurs sur un premier canal et un
moyen d’émetteur (808) pour communiquer avec lesdits utilisateurs sur un second canal, dans lequel le second
canal est associé au premier canal, et un planificateur (809) destiné a planifier les utilisateurs sur les premier et
second canaux, dans lequel la temporisation desdits au moins un premier canal et un second canal présente un
chevauchement, caractérisé par un moyen pour déterminer un ensemble candidat de sous-ensembles d’utilisa-
teurs, dans lequel les sous-ensembles d’utilisateurs inclus dans I'ensemble candidat présentent une probabilité
élevée d’étre planifiés par ledit planificateur a un instant noté TTI+t, un moyen pour estimer une puissance requise
du premier canal pour un sous-ensemble d’utilisateurs de I'ensemble candidat nécessitant la puissance la plus
élevée des sous-ensembles d'utilisateurs dans I'ensemble candidat a l'instant TTI+t, un moyen pour planifier un
sous-ensemble d’utilisateurs a l'instant TTI, un moyen pour déterminer la puissance requise du premier canal a
linstant TTI pour lesdits utilisateurs planifiés, un moyen pour déterminer la puissance du premier canal a réserver
a linstant TTI, sur la base de la puissance déterminée du premier canal a l'instant TTI pour lesdits utilisateurs
planifiés et de ladite puissance requise estimée du premier canal pour le sous-ensemble d’utilisateurs de 'ensemble
candidat nécessitant la puissance la plus élevée des sous-ensembles d’utilisateurs dans I'ensemble candidat a
linstant TTI+t, et un moyen pour déterminer la puissance du second canal a réserver pour les utilisateurs planifiés,
sur la base de la puissance réservée déterminée du premier canal a l'instant TTI, dans lequel « t » est une valeur
égale ou supérieure a un.

Agencement selon la revendication 9, caractérisé en ce que la probabilité est déterminée sur la base d’un indice
de qualité de canal des canaux des utilisateurs.

Agencement selon la revendication 9, caractérisé en ce que la probabilité est déterminée sur la base d’'une mesure
du débit d'utilisateur obtenu.

Agencementselon larevendication 9, caractérisé en ce que la probabilité est déterminée surla base d’'un parametre
connexe a une qualité QoS des canaux des utilisateurs.

Agencement selon la revendication 9, caractérisé en ce que la probabilité est déterminée sur la base d’un retard
des canaux des utilisateurs.
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14. Agencement selon I'une quelconque des revendications 9 a 13, caractérisé en ce que I'ensemble candidat est
déterminé de sorte que des utilisateurs présentant une probabilité supérieure a un seuil prédéterminé sont inclus
dans I'ensemble candidat.

15. Agencement selon 'une quelconque des revendications 9 a 14, caractérisé par le moyen supplémentaire pour
planifier uniquement les utilisateurs qui sont inclus dans I'ensemble candidat.

16. Agencement selon I'une quelconque des revendications 9 a 15, caractérisé en ce que le réseau de télécommu-

nication mobile est un réseau a base d’accés multiple par répartition en code a large bande, WCDMA, apte a mettre
en oeuvre un acces par paquets en liaison descendante haut débit, HSDPA.

13
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